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Summary 
The excellent oteoconductivity of hydroxyapatite（HA） is well known, many dental implants with a 
hydroxyapatite coating have been used widely in clinical practice.  
We have already reported that ultrasound wave stimulation could accelerate the bone-like precipitation on the 
bioactive materials such as bioactive titanium and hydroxyapatite surface． 
However, it is still unclear whether the ultrasound wave irradiation could have same effect to the natural bone 
tissue in vivo. In this study, animal experiments using rabbits were performed to investigate the enhancement of 
the osteocondution of bioactive material in vivo by ultrasound wave radiation. 
Hydroxyapatite (99.9%) sample implanted in rabbit iliac bone, and taken the ultrasound wave irradiation for 
20 min/day.After 2 weeks, rabbits were sacrificed and HA samples were analyzed using a scanning electron 
microscopy, energy dispersive X-ray spectrometry and X-ray diffraction etc. And the results in vivo were 
compared with the data of hydroxyapatite specimens immersed in simulated body fluid (SBF) in vitro. 
As a result, there were greater hydroxyapatite-like precipitation on the surface in ultrasound wave radiation 
group in animal experiment, the morphology of hydroxyapatite-like precipitation showed same as in simulated 
body fluid. While, the result in animal experiment exhibited the biological osteogenesis response such as bone 
regeneration and collagen synthesis around the HA implant surface.    
These facts suggested that the ultrasound wave stimulation could accelerate the osteoconductivity of HA in 












































CELLYARDTM pellet を用いた. 
 
2.2 擬似体液中での超音波照射実験 
実験は図 1 のように試験片を一定時間(3 days, 1 week, 
2 weeks) 擬似体液に浸漬し超音波照射を行った.  
擬似体液(Simulated Body Fluid)は Lonza 社製ハンクス
液(Hanks' Balanced Salt Solution : Without Phenol Red)を






























































































3.1.1 走査型電子顕微鏡(SEM)  
走査型電子顕微鏡(SEM)による超音波照射群とコン
トロール群の各試験片表面の観察結果を図 3 に示す． 























Fig.3 SEM image of the surface of hydroxyapatite 
specimen after immersion in SBF 
 
 
























Fig.4  EDS of the specimen surface ( Cross section view) 













3.1.3  X 線回折(XRD)  

















Fig.5  XRD of the hydroxyapatite surface of specimen 





























Fig.6  Macroscopic appearance of hydroxyapatite implant 
in rabbits iliac bone in postoperative 2weeks  
































































Fig.8 EDS of the hydroxyapatite implant surface from 
rabbits   






















Fig.8  SEM image and EDS of the interface of 








































































ーティング J. Plasma Fusion Res. Vol.83, No.7  





3) Robler S,  Sewing A, et al. : Electrochemically assisted 
deposition of thin calcium phosphate coating at 
near-physiological pH and temperature, Journal of 





バイオメカニクス,30 : 255-261,（2009）.  
5）Kokubo T. and Takamada H.：How useful is SBF in 
predicting in vivo bone bioactivity?,Biomaterials, 
27:2907-15,（2006). 
6）Ichitsubo T. and Matsubara E.：Crystallization accelerated 
by ultrasound in Pd-based metallic glasses, Journal of 
Alloys and Compounds:434-5,194-5,（2006）. 
7) Ichitsubo T. and Matsubara E.：E.Ultrasound-induced 
crystallization aro- und the glass transition temperature 
for Pd40Ni40P20 metallic glass. 
 Acta Materialia,52:423-9 (2004).  
8) M. Kobayashi,  N Tatematsu,  K Noda.  Preliminary in 
vitro study on Enhancement of Bone-like Hydoxyapatite 
formation on bioactive titanium alloy by low-intensity 
pulsed ultrasound waving for early bone bonding.  J. 
Biomechanical Science and Engineering.  Vol.5, No.4  
p.449-460. (2010) 
9) M. Kobayashi, N Tatematsu, K Noda. 61 The effect of 
the low-intensity pulsed ultrasound waving stimulation 
on Hydroxyapatite formation on Bio-active pure titanium 
in Simulated Body Fluid. J. Environment and 











マテリアルの現況と展望」）48, No.8, 978-982, （1997）.  
13) Robler S,  Sewing A, et al. : Electrochemically assisted 
deposition of thin calcium phosphate coating at 
near-physiological pH and temperature, Journal of 
－88－
  
Biomedical Materials Research A, Vol.64 pp. 655-63. 
(2003), 
－89－
